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Introduction

Climate change has received considerable policy
internationally an'd wmafhbirnrehpeortUni edntecarSteallt &y . t h
Panel on Cliinmaleu Ch awmigedes pread evidence of cli ma
concerned that c¢climate change may be severe and
consequences for humans a°THetNatfonati Aoadgmbdése
t hat t heancglei mahtael lcelnge is wunlikely to be solved -
people of an®y single country.

Policyteoeffiddtress climate change use matignmitety of
and add4Mittaitg aotni.on a c tei vgirteieensh oauisme tgoa sreessd W< GHGs ) fr
atmosfhebon dioxide is the dominant greenhouse ¢
cycle and through human act@Otwvhe¢n esohmkerel ¥ hédi dDaumn
GHGs i1incl udter anest haaxmiede mihydrofl ourocarbons, per f
hexaf lAduarpitdagttiiomi t o es mpeeke’sam imskabtiddtubadgnto cope
with or avoid harmful i1impacts of c¢limalte change,
es .

o
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me observers cuarancadmeadrn mend atnldatadapt ation str at
ange quickly enough to @evoweindgiemeterreimeg chHa smalt eee nd

some as a timely addigaptomtailo mettthaotd ¢oulmd th g ait
imate changeopoakimpbabdbhgegegies, applied to clima
rsggeal e and deliberat’s emondi gychaioanseofntbhed&nrt
mperatures ange aloig net.eymarkcathhnamatther ocphoe n ge c1 1 mat e
di fications would not .Asa mhhipmioteeadg elpt country bo
oengirnmeiesreisngsubstantial environment’®thend et hi.
s ptohnadt tthaei nutniceesr of geoengineering may only be
d technic%l examination.
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Proposed geoengineering technologies vary great.|l
and possibldhegnsaageu grende svianl ltywoc Il masisni fgir oups :

e Solar radiation maneghmonwghEAMi hmarchseod: t he
reflectivity, Br agmbspheref orhsukEdntcle , and

1 For more information on the policy issues associated with climate changgRSeReport R4197& limate Change:
Conceptual Approaches and Policy ToalglCRS Report R4323@Elimate Change Lgislation in the 118 Congress

2 Intergovernmental Panel on Climate Char@énate Change 2013, the Physical Science Basis: Working Group |
Contribution to the Fifth Assessment Report of the IPCC, 2013 (ARp)//www.ipcc.chieportarSivgl/#.Uo-dF~
JiMcs.

3 The National Academie&cological Impacts of Climate Chang&009,http://delsold.nas.edwelstpt_briefs/
ecological_impacts.pdf

4H.R. 2454 the American Clean Energy and Security Act of 2009 (Waxman/Markey}.atitB3 the Clean Energy
Jobs and American Power Act (Kerry/Boxergrethe primary energy and climate change legislative vehicles in the
111" CongressFor a comparison of key greenhouse gassion control provisions in both the House and Senate, see
CRS Report R40558/arketBased Greenhouse Gas Control: Selected Proposals in tifeCdrigress

SAlan RobockWhy2@GeReagonmneering May Be a Bad Idea,” Bulletir
2008.
6Jamais Cascio, “ 1 t > Bhe Wall Steeet Journallinedl s, 2009 andimBrican Meteotoldgical

Society“ Pr oposals to Ge oec MateiResearchprasd réleasetJuly 2R 0P i r ¢
http://www.ametsoc.orgimsnews2009geoengineering.pdf
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Methods that aim to deliberately alter tienate system to counter climate change, termed
geoengineering, have been proposed. Limited evidence precludes a comprehensive
guantitative assessment of both Solar Radiation Management (SRM) and Carbon Dioxide
Removal (CDR) and their impact on the climasystem. CDR methods have
biogeochemical and technological limitations to their potential on a global scale. There is
insufficient knowledge to quantify how much €@missions could be partially offset by

CDR on a century timescale. Modeling indicates 8faM methods, if realizable, have the
potential to substantially offset a global temperature rise, but they would also modify the
global water cycle, and would not reduce ocean acidificatfditionally, scaling SRM

to substantial levels would carryethisk that if SRM were terminated for any reason, there

is high confidencehat global surface temperatures would rise very rapidly to values
consistent with the greenhouse gas forcing. CDR and SRM methods carry side effects and
long-term consequences arglobal scalé.

therhohet'lCohlgress, thus far, has taken any
engineering. In 2009, the HousdCTSngeass and
d hearings on
iou proposals.,

h an ms and criteria, research and devel opmen
por ng the depl oty méhStoinbe6 r ge grngovecrnmagt a, i
Un gsd, Kaisn gwdeolmdl as scient i sctosn sfiedoegracgdé mma ny
he research or deployment of g@eocnghacerowg

oS O = =0 =
— = =
— =

o
gQ

7 Enhanced albedo is one SRM effort currently being undertaken by the U.S. EmetahProtection Agency. See the
Enhanced Albedo section below for more information.

8 This summary statement is excerpted from IPCC AR5 opStimmary for Policy Makerg, 27,http:/www.ipcc.ch/
reportarSivg1#4.Uo_HV-JiMcs More detailed discussion of geoengineering can be fiuti: following sections of
the full report:“Box TS.77 “Chapter 6: Carbon and Other Biogeochemical Cytksj“Chapter 7: Clouds and
Aerosols”

9U.S. Congress, House Committee on Science and Techn@eggngineering: Assessing the Implications of Large
Scale Climate Interventiod 11" Cong., ¥ sess., November 5, 2009.
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climate t litriepsphionTglhhgpd(ianti s pol i tical, social, and ¢
pursuing GHggirteisga tvieoh strategies

Congressional eatemgshasnfgeoeagimpri marily on wh
realistic, effective, and appropriate tool for t
However, 1f geoengineering technologies are depl
om private entity, several new concerns are I1ike
oversight of, geoengineeringecam wdlfkecadas e tran
geoengineering. Such was the ¢ ascei tiinz etnh ec osnudmintetre
geoengineering experiment (ocean fertilization)
violated two int*rnational conventions.

Thi s irse piomttaee npdreoidimeatrsh ¢ p oslcii ceanncdes,g mesnance of
geoengitneeceht nEEBesreport will first set the policy
geoengineering technologies may be considered. I
detail and diThehsedthh ©wviddsstscautaspsoisosni bolflee sa ptpa o a ¢
governmental involvement in, and oversight of, g
domestic and internationmdyiaffeuamegeéocngidneastn

Geoengineering Governance

Geoengineering medithfBealrstghée esr gy mbalbance in order
temperatures and countertakt ow gshcharloap gagnedn idce 1cilbienraat
modi fitmplementation of some of the technologies
technobhygregumre global input on 1implementation.
be controlled or not once i1ilmptltelme ntede adli df erads bly
on most geoengineering methods, apdaoe. mBger dir
reviewed literature is scaatthendtbdeplbglmeant oél
tests or commbhnesi bbead™Musnpmmét erested observers ¢
research would be requitnedntes st, e ctostthe sfoeca sailb ialnic
impacts, and the possible unintended consequence
reject exploration of the options as too risky.
consider tder mleee df amdgasher nmental oversight to g
to oversee potential deployment in the long tern
international, could either suppordnotrheonstrain

10 A tipping point is defined as a critical threshold at which a tiny pertioibaan qualitatively alter the state or

development of a systerRor more discussion on climate sensitivity, thresholds, and other scientific concedBSsee

Report R43229Climate Clange Science: Key Poinfsor international obligations pertaining to climate change, see

CRS Report R4117%nternational Agreements on Climate Change: Selected Legal QuestiaiSRS Report

R40001 A U.S-Centric Chronology of the United Nations Framework Convention on Climate ChEingzthy M.

Lenton, Hermann Held, and Elmar Kriegler, et‘alippingEl e ment s i n t he FERroceebingsof C1 i mate Sy
the National Academies of Sciences, vol. 105, no. br{igey 12, 2008), pp. 1786793;The Royal Society,

Geoengineering the Climate: Science, Governance, and Unceri@egpiyember 200% N a t @razing Limits

Effects of Ocean Fertilizatior2009.

UMartin Lukacs, “World’s biggest g clhedGuagdiamOetoberils, 2012 x per i me n't

12 Research has been minimal but not absent. In 2008, a Gématian joint research ventiion ocean fertilization

produced significant debate among Parties to the London Convention and the Convention on Biological Diversity
before being allowed to continue. Commercially, several companies, including Climos, Planktos, and Mantria, have
investigated avenues through which to use geoengineering techniques in the carbon markets by selling emission offsets
for ocean fertilization and biochar sequestration. Discussion of these and other examples can be found in Mason
Inman’s artic lne,BNatiiRe Reparts Climate Ghangéol.”,1January 2010.
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decisions of policymakers. As both technological
geoengineering are 1in their early stages, severa
e What risk factors and policgrconsiderations ¢
geoengineering ctivities and government o0Vert
e At what point, 1if ever, should there be gover
activities?
e | f there 1is government oversight, what form :
e I f there is governmentpomsdbdieghftor whd& should
e [ f there 1is publicly funded research and de vz«
which disciplines should be engaged in it ?

Ri sk Factors

As a new and emerging set of techawgogies potent
geoengi nseseersisnegs pmmany 7risk factors that Fmwst abe t
research tpleai sfreg¢e o g i neneorsitn go fatcetni wietsitess i n t he
t hneetwwechnology (i.e., the 7r11is keue nfcaeisl)u.r eHo wmecweird,

many observers believe that the greater r1tisk 1in
ethical, legal ,iandaypodaitdtad wer ktrideaspen ¢ryimselnst,. G
an argument that &pprgpventnmemecbsgarsmght should
the federal government and its agencies take ste
before new geoengineering projects are commenced
makeslearuwbhich met hods, if abygjnmageemed mature
sufficiently effective, a fpfoot rednat bilael ,** Sdscapfl eooy frmenndt .t i
the more significant risks factoft*s associated wi
o Tehnol ogy ConAmr caln aldiylteimma. 1 mpasse 1inherent i
technologies is that potential risks may be
only be proven and resolved through actual 1 ¢
demonstrationatddsesafdgyuandgprapeiput in place
stages of conceptualization and devel opment,
new technology can be difficult. By the time
may be 1 mpossible tto abnudi Irdi sdke smarnaabgleemeonvte rpsriogvl
without major disruptions to established 1int e
both support investigative research and cons:t
depl oyment
e Rever sRibsikl imtiyt.i gat i on creealsiee sa otne cthhneo 1aobgiyl iptryo gti
and terminate its adverse effects in a short
geoengineering options could be abandoned on
cessation of direct c¢climatemmefaftects or a s mal
However, the i1issue of reversibility applies

13 SeeThe Royal SocietyGGeoengineering the Climate: Science, Governance, and Uncer@&ir(®009),available for
download atttp://royalsociety.orgbeoengineeringhe-climate

“Sources: “Technol saqutlinecby the RoyallSocikty from a definitionan D. Collingridheg
Social Control of Technologfrancis Pinter: New York, 1980.Re ve r s i bi | iltayt”i eam™ a‘se ndkeafpismed by
Royal Society report, op. cit. “Commercial involvement?” an

report as well as broached in many of the policy articles debating the acceptability of geoengineering research and
implementation.
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t he ms Gilweers .t he 1importance eefdbanctksr niann taldg us t n
climatesstsybtemmper fe¢tiy undeketltygodhat all s«
e f fectasr-gferaolme ldepl oyment would end immediatel
regarding geoengineering methods may 1infl uen
technological choices regarding climate sciert
options in lieu oHG eefniescstiiovresl,y fmart iegxaa mmlge ,G c
resul't in a number of adverse effects, 1ncl uc
biodiversity, climate sensitivity shocks, an c
Further, investing finantco aslupypomt the physice
geoengineering may c¢create a strong economic 1
and deployment activities.

e Fncaps Rliwtki asn.t i gation also relies on whether
modul ar and contained or wehreitahlesr iintt oi ntvhoel v e s
wider environment. The 1issue can be framed 1ir1
encapsulated technol ofeitehSiicaarlcehotf t elhe yi @ we d a s
seen pel honhing) gileveer alk agrecc bdmonlomgitersa bl y
noammcpsulated, and their release and depl oy me
may lead to technicalpamtiectpamts esgnd mpamplhe
policy choices. But enc aplsouclaaltiezde dt e c hnol ogi e s
environmental 1 mphac tnsa,t udepemsdizeg @md 1 ocatio
appliThetioacglulfocromam arise as much from the
impacts of afcarievsittrigensd sojne baigeraot as from the di
impacts of releasedopmenaawisivasks msn at mospheric

e Commevrcial Thnev orlovleemseondtt. pr i wmg ®ge ment 1in t he
devel opment and promotion of geoengineering 1
invol vement , including competition, may be pc
innovation and, cwhpiictha Ic oiunlvde sltemredn tt o t he devel
effective and less costly technologies at a
However, commercial involvement could bypass
environmental risk asnsgscsommensatonrfaebdereft wl

“irresponsible enPRripsemecariahgbgbmenbdbr would
likely requi

encournavgeest ment, as well as additional <c¢o
mael s, intellectual property r1rights, and

re some form of public subsidies
nsid
tra

di ssemination of the technologies.

o Public EnTdhaweg ecmenmste.quencesiowdl gdiorg gbaomtele r i ng

benefits and r4cdkusl disbfibsteadn d booovsmmsnuni ti es ac
the world. Public attitudes toward geoengimne c¢
formation, development, and execution of profj
critical bearing on the future of the technol
trustpartmarys of actions, provisions for Il iabi
economies of investment could play a signifi
of geoengineering. Public acceptance may T eq.1
scientists antghd ipymlaike rr s,

®See John Virgoe’s comments in the “Uncorrected Transcript

Commons Science and Technology Committee on January 13, 2010. Please note that the uncorrected transcript is not
yet approved as a formal redasf the proceedings. Transcript can be fourtattat//www.parliament.uk/
parliamentary_committeestience_technology/t_geoengineeringnquiry.cfm.
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ering activities are intended to
y considerations at both the nat:i
gd ® na dtiewittiiaels ,c oanmsd qtwhechitre bpg kta bt g e |
on the scientific and technical
l so by a range ocfr ossosc icaoluyn tlreigeasl , a
xampl e, while some may view geoen
s about its potential 1impacts, ot
edoeargi tdhati t@nadtriavintiinegs gi s as m
ngaging in geoengineering activit
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a

nion on geoengineering is difficult to
more 1infor matdeome bdkicrognesn atvhael 1 ppabrl tei cawmld
astskadl es s, a 2009 seRowyh |'bwghoitchhe tithni t e d
sidered to be the first comprehensive
endnifd e doft hpers padteigves held within th
of geoengineering technologies:

engineering is a dangerous manipulation of
intrinsically unethical,;

Geoengineering 1 s isctyr iacgtaliyn satn mianjsourr ammictei gpaotli o

and

Geoengineering will help buy back time 1ost d
negotiations.

following table identifies and explains the
perspectives oat gheaowen ghiencere rairntgi ctthl ated to date.

16 The Royal SocietyGeoengineering the Climate: Science, Governance, and Uncerir(®009),at
http://royalsociety.orgseoengineeringhe-climate
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Table 1. Scientific Underpinnings for Different Perspectives on Geoengineering

Primary Concern

Arguments in Favor

Arguments Against

Climate wncertainty

Mitigationof GHG release

Cost of geoengineering activities

CRS-7

Uncertainties intheearttb s c 1 i mat e m.
catastrophic climate change and necessitate the
deployment of geoengineering technologies.
Adequate research, modeling, field tests, and
evaluation are required taccumulate empirical
evidence to prepare for, and to hedge against, a
crisis.

Current mitigation efforts are too slow or inadequat
to achieve theemission reductions needed to reduct
longterm accumulation of C@and avoid dangerous
changes to the climate. Geoengineering technologi
may be required to augment existing mitigation
strategies or to replace failing ones in order to aver
a potential dimate crisis.

The cost of geoengineering activities could be quite
small compared to the economics of mitigation or
adaptation strategies. Technological innovation anc
entrepreneurship would only lower these costs.

Il nadequate information ab
creates technical, political, social, and economic risk in
geoengineering activities. Deployment of unknown
technologiesnay lead to unintended consequences.
Prudence suggests that technologies should be fully vett
for potential negative environmental or social impacts prit
to deployment and a oOprec.
applied to technologies that pose a thredtserious of
irreversible damage. Conceivably, some technologies, or
developed, could be used adversely by hostile entities ar
pose threats to security.

Geoengineering activities may make permissible the
continuation of businesasusual practices and weaken
conventional mitigation e
argument). In terms of climate change, this may lead to
some early adopters assertj thatgeoengineering provides
Oi nsur anceo6 aogldembokién stakeholders:
to act more carelessly.

It is difficult to assess the true cost of geoengineering
schemes due to the uncertainties of potential side effects
Investment in market mechanisms mastaiit
geoengineering research and deployment instead of
facilitating it. Countries, corporations, and even individua
with means to pursue geoengineering may be tempted tc
do so out of commercial or entrepreneurial consideration
that bypass or neglectsk assessments of social, economi
and environmental effects.



Primary Concern

Arguments in Favor

Arguments Against

Contingency fanningfor climate change

Governanceof technologies and their deployment

Both society and the scientific community are obligr
to invest enough knowledge and resources into
geoengineering that it may serve as a contingency
plan in case of a climate emergency. Research in a
of itself is neither good nor bad, and information
about geoengineering technologies is beneficial to
have o0on the shelf. o6

Without appropriate frameworks or oversight,
geoengineering technol@si could be researched ant
deployed unilaterally by public or private actors to
the detriment of other countries or populations that
did not consent to the geoengineering project. In th
situation, those harmed could find themselves unat
both to remedythe harm and to hold the actor
responsible liable for the damage suffered. Moreov
absent governance, geoengineering activities coulc
ospatially heterogeneou
impact particular populations and ecosystems.

Societies rarely invest adequately in contingency plans.
Innovative and entrepreeurial organizations seldom
mobilize themselves to pu-
shelf. 6 Government endor s
geoengineering activities as acceptable; and given the
nascent state of understanding in the science, a rush tow
implementation may result in potentially dangerous
proposals being mistakenly promoted and potentially use
techniques mistakenly ignored.

If governmentshoose to ban or substantially restrict
geoengineering, they might be constraining those actors
most likely to test, assess, and deploy the technologies
responsibly and, therefore leave geoengineering in the
hands of the least transparent and least trustthig actors.
Moreover, too much government involvement could stifle
experimentation, innovation, and entrepreneurship in
technologies that could prove vital to averting excessive
global warming.

Source: Congressional Research Service
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Geoengineering Technologies

A wide range of geoengineering technologies have
Geoengineering t and f noagdanitgii ms e d t wa mimpdtlnignbahtEe .t he Ear
technologies vary in complexity from planting ¢tr
into space for sunlight reflection. Most of the
theoretical or rescarchhphhogicSeweralrodenthley pe
they prove feasible and effective, thaelye would re
deployment; and currently they generally lack po

Figure 1.Geoengineering Technology Options

— Solar radiation management (SRM) techniques

=~ Carbon dioxide removal (CDR) techniques Incoming Solar Radiation
== Engineered flow of carbon X
Carbon stores =®= Sunshades

/

k /

:+ Stratospheric aerosols
Increase
cloud albedo
Increase
surface albedo .
Afforestation &
reforestation
Air capt Z Enhancg
ir capture o Mawoene, Nutrient Carbonate downwelling

-I 100 L AL LA ] Blu-(har ERPIE """"‘E additlﬂn addition
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Bio-energy : : ° i

Source: T. M. Lenton and N.E. Vaughdithe Radiative Forcing Potential of Different Climate Geoengineering
Options 6 Atmospheric Chemistry and Physic9, no. 15 (August 6, 200%dapted by CRS.

Note: The figure dsplays engineered flow of carbon as a separate geoengineering technology option. However,

this report considers oO0engineered flow of carbond6 techno

The two main categories of geoengiif CdDR)ngntde c hno
solar radiation 1hdmgdigemEPR HSRMr { s membege CO

at mosphere. SRM methods ingcgrzamesphereedd ecun fva ¢
reducing incoming solar radiation.

17 House of Commons (W.) Science and Technology Committé&he Regulation of Geoengineeriiifth Report
of Session 20090, March 18, 2010, p. 28itp://www.parlament.thestationeryoffice.co.ukpatm200910¢mselect/
cmsctech22122102.htm
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Carbon Dioxide Removal

Carbon dioxide is the primary GHG that eéas been
CDRnet hroedmcC¥Qd r om t he at mos phecroeola ntdh ea rpel ainnette nbdye dr
the absorption ofCIhR anmte tihno dtsh ei navtomovsep t€hbey .upt a k e

biological, phys iCQamla,y dre oheemit¢tatarle dme avnig.u a f for e s
ocean fertilization, weathering of certain sedin
storage technology with the prodhetduanaodotfohbhiofue
carboadadders de ppepnrdoiancgh .onFotrhei nstanfeomcarbon s
decadeeesntthiosi esce an, forr ttiHdwsiamr dswewfif hyeeamaribsg n a t ¢

r oL’k

Al t hough CDR techniques;lewvald tvwantualt mgpsphediaog
in treanipuer wvo,ultdhey quire considerably more ti me 0
than SRM PERths,i qUDR atreec mnmteqtuhedse & 1 it fo idmmel diya t e
alteamr awtfid he climate 1s mnecessary.keWhyielaer st hteo i mp e
realamyg, @R hcoodws]l glo weemoed €©hsnl $RMbyeieshtoidisg 1 a ws .
For example, c ar bforno nt aap tbuiroemaasnsd psotwoerra gpel ant coul
environmental and energy l|laws -asredrpower apl ante.
This section des cerxiabmisn esmde mlhIdRicfacrabpoetnu be t & v d
sequestratiloingatiem,n adfefrarestation, and enhanced
Carbon Capture and Sequestration

Carbon capture and sequestratihba pPECEB9nt sither om

on

oo~ N SO0 ™00
-
CDD—‘

0T O W\
[~ ¢ ¢]

ing released to the atmospher et.ecChCnSo Igoegnye rtaol I

- g =

e sources: biomass, bioenergy, and fossil

technology tends to be labeled a geoengine

" acn

18 Afforestation is the creation of forests on land that has not recently been, or has never been, forest land.

19The Royal SocietyGeoengineering the Climate: Science v&mance, and Uncertaint§1 (2009),available for
download ahttp://royalsociety.orgseoengineeringhe-climate

20U.S. Congress, House Committee on Science and Technology, SubcoromiEeergy and Environment,
Geoengineering II: The Scientific Basis and Engineering Challesggment of David Keith Canada Research Chair
in Energy and Environment University of Calgary, #Tong., 29 sess., February 4, 2010.

2lvegetation and plar&n naturally capture Cand sequester it in mattex.significant fraction of the Céxeleased
from fossil fuel combustion is being stored in *

CCS is a technology that can sequelstagequantities of C@from point sources of GHG emissigmsainlyfossil fuel
combustion. CCS would reduce the amount of &@ased into the atmosphere while allowing fossil fuel use to
continue.For more information on CCS from fossil fuels, &RS ReporR42532,Carbon Capture and Sequestration
(CCS): A Primer

22 House of Commons (U.K.) Science and Technology Commitlées Regulation of Geoengineerih;ifth Report
of Session 20090, March 18, 2010, p. 28itp://www.parliament.thetationeryoffice.co.ukpatm200910¢mselect/
cmsctech22122102.htny The Royal SocietyGeoengineering the Climate: Science, Governance and Uncertainty

natural?”
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fossil faxdlsudad ds a geoengineering technology
positive, while bioener gy eaund ablinoengaasdsi vaeroen vi e we d

Additional interventionztchoaul di si.Bdmmesda ctricata mo u n
ter wise would not be used for crops or energy pt
cean to sl ow tihse rrealteca saectd whaircbhoaCOe e mos pher be s e
iomass is pyrolyzed i ntgoh btieoncphearra:t uar ecsh aurscionagl
sidues, ani mal manur e, or other organic materi
for hundreds to t*hloausgeende ofirpearsaptuasn ¢
ss would r e guiprpel ya asntde aad yp 1baicoematsos st or e it

-0 o
-
_

cessritsorcdptturve lgOwell wunderzstood compar c
ntly in geologic reservoirs. However, CCS
manent sequestdadtyieadn ahag hmotcobmmen cdal scale t
il recently, due to the abs genmeies soifo nas .r eAgrugluaatbo
eptember 2013 rulxemnmpirsospi oosnesd fbry mE PhAe w op ol wienri t]
gpeo ltihcey incentives for incorporating CCS 1int
t ®»Catbom. di oxide has been captured on a s mal
w decades (e. g., for soda prodwmctliaamp, tsa adrmh
equestetré¢€mMgcl i mate change mitigation met hod
estration performance are based partially on
e
i

2

[ o]

=]
o o O

o BB OO0z
I = T I ¢ B B B ¢]
wnn

el

stbfoedaf®r oximately 30 -lySe ayresa.r sI tb enfaoyr et aCkCeS ai
Il fuels is ready for commercial deployment

o 0O 0o O
©w 0
w e cwvwo w3

t-h omed ocarbbpn capture, bioenptgyegamdratii
ration (BECS) could sequester carbon. BE C
biomass crop such as switchgrass, haryv
d storing the?BcEaCrSb oim reexlpeeacsteedd d wor ium g
imilar to CCS:fremhfiokegy ®ued fombaus
] is used ¢troelgemscadtien etlleec tpriacaddsys ma
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September 2009.

23 For more information on the carbon neutrality of one type of bioenerg;R8eReport R41603s Biopower
Carbon Neutral?

24 For more information on biochar, SERS Report R4018@®iochar: Examination of an Emerging Concept to
Sequester Carbor-or more information on agriculturpfactices that sequester carbon, GBS Report RL33898,
Climate Change: The Role of the U.S. Agriculture Sector

25 For more information, se8RS Report R4249&arbon Capture and Sequestration: Research, Development, and
Demonstration at the U.S. Department of Energy
26 .S. Government Accountability Office, Coal Power Plants: Opportunitiest fxiDOE to Provide Better

Information on the Maturity of Key Technologies to Reduce Carbon Dioxide Emissions;1GATb, June 2010,
http://www.gao.goview.itemsd10675.pdf

2’7Pet er Read and JFeomeartghya nwiltehr nGatr,b o“nBiSot or a g €Ene(gBWA5S ) : A Seque
pp. 26542671.

28 past Congresses have consideseeeral bills to promote the development and deployment of CCS from fossil fuel
sources.
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t han -ffuoesls iCACS . Some contend that BECS could not
significant imp#ct on climate change.

One of the main chatltihsegdssactko o6CS depludpmomry fr:
geologic sequedAnrantegrefef€Ostructure would be n
large scale, whetherTHioy Stossdtludfacilisvolrvds oiedenr
the seqCuix stwheed t o s e qgdueefsitneirn gt hweh a@O constitutes

who will be held 1 plachakes ,i fd et vheel sspeiqmug sat emoendi tCoOr i n
plan, and developing a robusto tphiajptd Iwhree siemfiecas ¢ ter w
among ot fH®S8ome¢ héimgsend that if CCS were implement
fuels and bioenergy, there would bAnliesser enog ¢ vat
in BECS, however, ani ghfliamtwhefacBECBe ms giméeée be con
“carhega’wheeeas CCS from fossil fuelposd¥hhwstion

Additionally, t hetrer d ge comemrfiod hialt fLWOel s, and p
to conteminateoground soltmce@BPdoOlU. 8ri Rkvngowment a
Protect ifoinn aMgierhuhldget s et s requirements for geologi
dioxidsing the authority granted tfe agency in t

Ocean Fertilization

Ocean farislthetadditiont ooft hneuetor@ eccalmtrtsiewsnu ch as ir
sequestration FPRhynt oppbphtodkptlseymitthes ¢ zei €0ng t he car
their cells, which thenhesdsepuestenewdhen thebod
t he wlattuedisggeattont haft i cemtaddechgeatooccse amf could r e mo
30,000 to 110,000 t*0Omcse amf foartbdn zfartdm nt hies aeisrt.i me
approximadedy0B3PWer ton ®f carbon sequestered.
The ecological, economic, and climatological 1imp
and the long ®Some¢e suwuggamcetrhatinocean fertilizat
29Chris i an Azar, Kristian Lindgren, and Eric Lars en, “Carbon
Costs and Potential Rol €limatic Chaingavol.i74, hoz18 @09P6).t he At mosphere, ”

30 For more information on pipeline construction déagies for CCS, se@RS Report RL3397arbon Dioxide

(CO2) Pipelines for Carbon Sequestration: Emerging Policy Issues

31 Carbonpositive fuels are drawn from fossil fuel depositd ane burned, releasing Efto the atmospher€arbon

neutral fuels absorb C@s they grow and release the same carbon back into the atmosphere whélaboont

negative fuels absorb C@s they grow and release less than this amount into the atm®syfen used as fuel, either

through directing part of the biomass as biochar back into the soil or through CCS.

2U.S. Environmental Protection Agency, “EPA Finalizes Rule

press release, November 22, @fittp://lyosemite.epa.gompabdmpress.ngi/
2300005FBC11568D852577E3006058BIhe Safe Drinking Water Act gives the UEBhvironmental Protection
Agency (EPA)the authority to regulate underground injections of numerous subst&acesore information on the
Safe Drinking Water Act and the Underground Injection Control ProgranGR&8eReport RL3124Fafe Drinking
Water Act (SDWA): A Summary of the Act and Its Major Requirements

33|ron is the primary nutrient discussed in literature for ocean fertilization, although other nutrients (e.g., nitrogen) may
be used. References to ocean ligetion in this report refer to iron as the fertilizing nutrient unless otherwise noted.

34 «Eertilizing the Ocean with Iron: Should We Add Iron to the Sea to Help Reduce Greenhouse Gases ih the Air,
OceanusNovember 13, 2007.

Philip W. HBanyoflarge¥d mpbé¢ i cmon f e r t iMarineEcalogyoProgress Setiebok oceans , ”
364 (July 29, 2008), pp. 248L7.

36 R. Sagariret al, “Iron Fertilization in the Ocean for Climate Mitigation: Legal, Economic, and Envirotainen

Chal |l e n g Yniversity Nichokas Institute for Environmental Policy Solutip@807
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and augmdentodpmdd hygl saulcthiednda cal that, mbyt clo@d t he
undesirable characte?@Oshdrcs ate highceomednthat i ©
wi 11 lead to ocean acidification,amnmdddrietd wecentail o ne moi
oxygen to levels notChanbi¢abdbksbyacgude¢ att hatspecd e
an effective way to combat climate Ichtagmpgm becaus
implementation 3n a continual basis.

Stmes have yet to demonstrate ttheartm occaerabnonf er t i 1 1
sequestration strategy Further research i1is 11ike
phytoplankton increase in sufficoife@?t HopuwwmHeoms t o
will the carbon stay sequestered? What disruptio
there are no analogues to compare what may occur
scale

Some effOseiqare st er eed tvila zmddaom fas a potential c¢a;
carbon offset or tradedTihietrlei m ppre aan tior dbemeamt ad le
that endorse or reject ocean fertiThwsa,;ifoar ftolre t
time being, any carbon credits garnered for ocea
voluntary &arbon market

forestation

forestation involves planting tree seedlings o
aggesneaallétgyadiwor®he primary c¢climate change benef
scientifatuandipotachohi segqagstdadioan.a pri me
questration strategy because forest eciommunitie
geontt hfaomr emsadn ¢ o mMfmum iltanege rantdi me periods (decad
aOsher benefits include erosion control, Trecre
for eGnt agoloadrsg.e scale, |l aftfibreé$imbten bygnimodef
ing cloud and precipit aCthiadn emagtetse ramss,o camd er
e st aneiaosnu rienncelnutd eacmmd broenpleatntodrabvpereedonf £ t ance t o
trees on pxrtiteaste vabmdh damé€r epdewcitoidosn, in runoff

ter i
for
oW
ecology ofambegadtfBRetsda eslumls edhrsacwablaec ks t o wi
lementation of affor esotfaf€iOoonm innecwll uyd ef ourncesxt pecedc t
t on aatcutrse o(fe . gfyt diee¢chamgaghtn,l and manage me
t could result therpbéeeneiaflyhsigarbonant co

R I R i S

S‘CE{T‘”""?'—‘H‘:(‘DOOBOW)—h

® 0T o

S’“Fertilizing the Ocean with TITron: Should We Add Iron to t|
OceanusNovember 13, 200Dimethyl sulfidehas an unpleasant odoraiv concentrations, and is flammable and an
eye irritant at high concentrations.

%Aaron Strong, Sallie Chisholm, and Charl NatureMdl.#6ller et al .,
(September 17, 2009), pp. 3348; andAaron L. Strong, dhn J. Cullen, and Sallie W. ChisolfiQcean Fertilization:
Science, Policy, and Governarit®ceanographyvol. 22, no. 3 (2009).

39 Ocean fertilization is not recognized as a creditable offset under the Kyoto Protocol for the first commitment period
effedive through 2012. For more information on carbon offsetsCé® Report RL3424/oluntary Carbon Offsets:
Overview and AssessmeahdCRS Report RL34436he Role of Offsets in a Greenhouse Gas Emissionsadp

Trade Program: PotentiaBenefits and Concerns

W«“Dumping Iron and Trading Carbon:ayPrRoflietss ,i nP oOlclewmtni ol mr,o na nFde

OceanusJanuary 10, 2008.

“Kathleen A. Farley, Esteban G. Jobbagy, and Robert B. Jac!
Synthesis with I obaiGhangeiBiolagyol.fl@005) ppllb68576. For more information
on the impacts of afforestation, 8BS Report R41144Heforestation and Climate Change
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possible eff etcitosn oann dc raogpr ipcruoldtuucr al commodity pri
afforested

The planting of trees ifsfovredst &ktnioovm iasn damweddc pta
activity under the Clean Devel op nfeTnhte Mencohuannti s m (
and rate asewhedbp€f®ds on the tree species, clinm
and otshpacisfit®Ehéeet it matedt egtpmegktsr driomn 2p 2 t o 9
metric tpas odr ®I0p emaaytetalakaest 20 years to reap t
sequestration benefit depeCadribnogn oanc ctuhneu l1gartoiwotnh irna
yearfs trees gsbowwhand increases Hheragi¢theontromngrt
whet her ¢ ariboonn caocnctuinmuuleast ot i peak swowh ¢ ng'hewt la dids

Most afforestation project modsedeusttiomatmarigonal of
6mil kioow 5 amcirlelsi mogfr it . WSS wduwuhd be conver2®d0O,t o wood
includnidg o3 0 mill i on*Cahcarnegse so fi nc rcolpilmantde. may i mp
forestry species are planted at afforestation si
afforestation projects maysintoe ibme tshemipast .t oTlepe
afforestation project can range from approximate
previous land use *f the site and the terrain.

Enhanced Weathering

Car bon idsi onxaitduer al ly removeédthii pamg ht we ada thmo d mlge ( © 1

disintegration) of silicate anpdr oceaernbhoannacteed r oc ks .
we at hecroiunlgd r e move 1 afrrgoem atnmhoeu dA4Tthneioostip h@e@ gr. a t e d
materials xemtoaviendi fg oGO a n negn lpaomc eddc bwecastthoerre d i n
deep ocean or in soils.

A paucity of literature exists about how to cond
environment aln ei npprloipcoasteido nnse.t hod is to spread cru
rockagroincul tural and f oxaensdt cidnplraonwd®T btiod 1s eqquuael si tt eyr.
technique would require lgarroguen aanndo utnfidse sopfo rrtoecdk. s
lifecycle carbon benefit has mnot been calculated
as energy and water, may be required to conduct

42 The Clean Development Mechanism (CDM) allows antoy with an emissiomeduction or emissietimitation
commitment under the Kyoto Protocol to implement an emisgdaction project in developing countries. Such
projects can earn saleable certified emission reduction (CER) credits, which can be twouantdsl meeting Kyoto
targets. The mechanism stimulates sustainable development and emission reductions, while giving industrialized
countries some flexibility in how they meet their emission reduction or limitation targets.

43 U.S. Environmental ProtectioAgency, Office of Atmospheric Progran@ieenhouse Gas Mitigation Potential in
U.S. forestry and AgricultureEPA 430R-05-006, Washington, DC, November 2005, Table 2

44 For more information, seERS Report R40562).S. Tree Planting for Carbon Sequestration

45 For more information on afforestation as a carbon offset practic€R8eReport R4108®otential Impications of

a Carbon Offset Program to Farmers and Landowners

46 Lucas S. Bair and Ralph J. AliBegional Cost Information for Private Timberland Conversion and Management
U.S. Department of Agriculture., PNNGTR-684, September 2006itp://www.fs.fed.uggnwipubspnw-gtr684.pdf

7“Silicate Ro cotoformRGamenatesWhus GonsiningCAThe Royal SocietyGeoengineering the
Climate: Sciene, Governance, and Uncertain§eptember 2009

“R. D. Schuiling and P. Krijgsman, “Enhancedcd ONnatdc hering:

Change vol. 74 (2006), pp. 34854.
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Further research would be neerdaewd atcok sa sosfe stshitshe p
technBdogyers to enhanced weathering include 1its
potential envir o*hDmeecnitsailo ncso nwsoeuqlude nnceeesd. t o be made
alter, where to dispdse amfd twheo diasyisntfogr athed pmat
longrm adverse impacts on air quality, water qua

Solar Radiation Management

Solar radiation woarnk gteamermneld beexd todd si ncoming solar
radiatiogn tbhye nFaakritnh mor e rael fbleedcot)i vaen d( id.oe .n,o te nhhaavne
n GHG e mi®§SsRiM nmeriahtvednbordd fyi ng abdbsdd méwhddsndsuc
s desert rbeafsleedc tnwertsh, o dcsl osuudc h a s -bcalsoeidd hmwdhds t eni ng
uch as aerosol-basmpdcmeohpdshhheu schfafaescdtsihvieenl edsss. o f
RNhet ledpends on its geographical location, the
t mosphere, space), and tpthe rrea dainadt iswe fpparceper ti e s
f
h

n effective anleddsphaetbheadn mSIREBMo dne t hods ¢
he need @quiwslkbdRut hdomdwsle tbleee np ldeemsectr i bed, t 1
as cheap, fas'Howaneéritmphads elcanee not beeme proven ¢
argue the UsBoupgdattsmmanrth or o@waresnitg htl |l pyr ovg 1t ehm
international coSRMr &8 et amroil dopgd tees rhemimaitlyleysl e p1 oy me n t
bywn indicvoitdnuya,] wohri ch could result in>mn array of
Research could improve understanding of the feas
opportunities and | i miitoaltiinoantse, cahmdiQeteh emirt ipgoattei notni.
commtators favor constraints on SRM research, g
by these techniques:

v - ® Y ® O

e SystemlIffaialnurSeRM technique breaks down or 1is
may warm very quickly, possdbnayt ureea vtiong 1 1t t I
adapt

e Changes 1in r1egionaSIRM ntde cshenaisqouneasl nralyi naal tteesr
precipitation phatttecwnscyghicakesodlbd ecosyste:
affected societies

¢ Ozone depletion. Under certain circumstances,
sul fate aerosol 1njectwihon hmawy hldedand tloo wo z o n e ¢
UVB rntoys eBEaht hhe

e Preserva#iQgmeenh hmwase gases. SRM techniques

a |
stratosphere or space lessen hade amount of ul

49 The Royal SocietyGeoengineering the Climate: Science, Governance, and Uncer6&ir(®009),available for
download atttp://royalsociety.orgéeoengineeringhe-climate

50 |pid.

"David W. Keith, Edward Parson, and M. Gr NoghdueMor gan, “Re.
vol. 463 (January 28, 2010), pp. 4287.

52 |bid.

53 ee Lane, Ken Caldeira, and Robert Chatfield, et/brkshop Report on Managing Solar Radiatibiational
Aeronautics and Space Administration, NASA/2B07-214558, Hanover, MD, April 20Q http://event.arc.nasa.gov/
mainhomefeportsSolarRadiationCP.pdf
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Earst hht mosphere, which 1s likely to extend th
COQgreenhouse gases that are more potent than

e Di venr sfiroom more pekinaan ecnotnecsiiodaset iSoRnVE .
techniques can provide quick relief, they ma:
deploying moGH&G peor manemtlued watsi. on

e “Unknown uvWhktowthsesry efclilhmaEsgrdbkmonstrates th
small changes manygerse,s urlati siinn ga bcrounpcte rcnhsa a b o ut
effects cafl el agregw@ ngineering.

The fo$towiag explores some of the more widely d
al bedo, aer os olbaisnejde crteifolne,c taonrds s pace

Enhanced Albedo (dSurface and Clou

One suggested method to modify the temperature o
albedo, of certain surfaces. Increasing surface
t owar dt hsupsa clei mi t i ng t e fip epfeast,e raepyp Iniccractaiscers ar e a s,
enhanced albedo ar.e all under i1investigation

One of wihkelmp sdi sEassedhancgageasmhafAperet nd bg do
enhanced al bedo mnseutchlppadiss tiinn gu rrboaonfwsh ia¢neds opna vae dg laorbea
basis 1s estimated forcmateseune¢sabhndilhbon, dblhtla
ener gy Foos esxhanpUeS. tDe par(tDnDeRmtt i oofn aBSneedrmgeyl ¢ y r
Administrahasnr ¢ NNSAJ nlgu ionlddlinngw choesatts by an avera,
annually on reroofed area®omer tdlrya whwe ktso tion s tna lr I
reflectivity of rowtfdesomhadr pcaohnkcede rgnk @fsaosrh dtnhiced uad@p e a
of the raocffaodepaeawnadd ntgh eo nl oistss olfo craetfiloenc,t i vi ty be
poorly maiamtdaiimed eased energy costs in colder cl
time heAddgaionally, if enhancedpuusfiade al bedo
aggressively, there may—dbepat delcdumer d mi dthe. use
Additional techniques are being considered for e
modi fytlpdawmgl genetic engineeriyngl otw iamipgl neenmetn taaltbi

Some maintain it wildl take at least a decade
ailable °tAo mmecrocnida Iplryo.posaths i wi cbhveefhgcbi ve surt

© O
< O

54 First four constraints attributed to Lane et. al (2007). For more information eB@pgreenhousgases, seERS
Report R40813Vlethane Capture: Options for Greenhouse Gas Emission Reduatid@RS Report R40874itrous
Oxide from Agricultural Sources: Potential Role in Greenhouse Gas Emission Reduction and Ozone .Recovery

Hashem Akbari, Surabi Menon, and Ar t hWideUbanAlbaeddstéol d, “ Gl oba
Offset CQ, Climatic Changevol. 94, no. 34 (2009), pp. 27286.
%Department of Energy, “Secr et ar Roof€ahDOE and Acsossithe Eederabt eps t o 1

Government, press release, July 19, 20b&p://www.energy.goviews9225.htm Cool roofs are roofs that are
designed to maintain a lower roof temperature than traditiooé while the sun is shining.

57Bryan Urban and Kurt RotiGuidelines for Selecting Cool Ropts.S. Department of Energy, July 2010,
http://www1.eere.energy.gdemppdfsicoolraofguide. pdf

%Andy Ridgwell, Joy S. Singarayer, and Alistair M. Hetheri:
Albedo Biog e 0 ¢ n g i ©Cuerrent Bialogy,vdl. 19 (January 27, 2009)he authors propose to genetically modify

plant leaf @ canopy structure to achieve greater temperature reductions

®Joy S. Singarayer, Andy Ridgwell, and Pgeoenkiwveree, ngTAds e:
Environmental Research Lettexl. 4 (2009).
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anzl bedo. There arenbamcednsal bbdot pwh¢reetamwou
ocean and what 1impact it would have on aquat

- o
(Ch=x

l oud whisntoatnhienagp os ed met hod CLodoudnlwhatectehmgnagl bedo.
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60 The Royal SocietyGeoengineerig the Climate: Science, Governance, and Uncertafity2009),available for

download atttp://royalsociety.orgéeoengineeringhe-climate

61 John Latham, Philip Rasch, and CithichGh e n, et al ., “Global Temperature Stabil
Enhancementof Lo ¢ v e 1  Ma r i Philasaphic@l Transattion of the Royal Societyl. 366 (August 29,

2008), pp. 396%8987.

62 bid.
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Figure 2. Cloud Whitening Schematic
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be several illion dollars, depending on the amo
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theoretical predictions will match reality.
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aerosol injection simulations on data gathered a
eruption in the Philigpctheoninnl @hPtblhgwhhempbedt t
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63 Sulfate particles ardé primaryinjectantdiscussed ithe literatureon aerosol injectiopalthough otheparticles may
some day be studied and recommended for use.

Al an Robock, Allison Marquardt, and Ben Kravitz et al., Bk
Ge o e n g i nGeaphysichResedrch Lettersiol. 36 (October 2, 2009).
851ngo Kirchner, Georgiy L. Stenchikov,andHahs Graf et al ., “Climate Model Simul at

Summer Cooling Following the 1 Qadurhal ofiGaophysical Remeh val. B0Od, Vol cani ¢
no. D16 (August 27, 1999), pp. 19039055; andevin E. Trenberth and Aiguo DaiEffects of Mount Pinatubo

Volcanic Eruption on the Hydrologic@lycle as an Analog of Geoengineerih@eophysical Research Lettem®l. 34

(August 1, 2007)
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Geoengineering 1s an emerging policy area. The d
constrain geoengineer iamgtirwisttiaas hmay dbeorbased ogm
assortment of factors, including social, legal,
techni-emdt otnlees 1 caays tb e fp rwhhg rcchs-sne bat ©od hpol cd¢ i ena t e’
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T

66 The Royal SocietyGeoengineering the Climate: Science, Governance, and Uncer&ir(®009),available for
download ahttp://royalsociety.orgseoengineeringhe-climate

67 Alan Rolock, Allison Marquardt, and Ben Kravitz, et &Benefits, Risks, and Costs of Stratospheric
Geoengineering,Geophysical Research Letter®l. 36 (October 2, 2009)

68 |bid.

69 The Royal Societysupranote13.

0 Lagrange points are imaginary points in spatoehichobjects senfrom Earthwill stay put Lagrange point {L1)
is located aboubur times farther from Earth than the moon

"RogerAgel , “Feasibility of Cooling the Earth with a Cloud of
( L 1 Braqceedings of the National Academy of Sciences of the United States of Anoeritd3, no. 46 (November
14, 2006), pp. 171847189.
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One possible governmental response tQquegeoengimnee
While the status quo varies depending on the cou
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industry and commercial devel oplmdmretr misnet Hcdebaasetr i
ofeoengineeringpremscmmedho mntdo Themwyseunaa yi tcont end t h
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status uo may stress that currently funded rese
capture and sequestration, agdouwvddpon klf)nrstrate
technological transformation, and tha significa
“insurandes pacloinooyni cally misplaced. Greater gover
geoengineeandgdevstopmhgatmandangigthdalfaet ting,
incorrectly choose winners and losers, and unnec
infancy. Additionally, those who want to avoid g
consider mnew met hods onfp soufp paocrcte patna biinlaiptpyr oopnr iaa tte
consider deleterious. As such, further support n
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or the <cos tofc ornessiedaerrcaht iaonnds r e gul ation.
If governments opt to address geoengineering act
making, they would ess.elm® iarlgduymemtdso rfscer tghoev esrtmrmen
abstention wgdwe iprbmiegm tats or od eet earsmi ne t he appropria
types, and extent of government interventions 1in
Threshold for Oversight
policymakers decide to address geoengineering
s spioblliecy plr opmtsaill wardeating a system for gover:Ht
d deployment of geoengi novdireginmnvge rt emehmtosl osghiocwl. d T
tervene to monitor or regulate geoengineering
prepsiyatem of oversight. In other words, polic
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e the extent to which twhwwrampheandofy gemoengi
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e the extent to which the impacts of geoengi
hazardous material into the environment

72 Royal Sogety memorandum to the U.K. House of Commons, op.cit.
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e the extent to which tWheoecicmgayctiontelh vegaeengi it d ¢
bal ance ofanedcosystems

e the potteunrtbiaatli opne,r reversibility, and duration
activity under discussion.

Ultimately, this assessment may require substant
Accordingly, some observers hnatienr n apgagneesnla ¢ d t hat
proces s, similar to the one used by the National
under which scientific experts would testify and
approaches with the aiicnymwafk eprrso.v iHoivwegv eirn,s itghhits tsou
criticized for excluding social scientists, et hi
parties. An alternate suggestion is that governnn
activinanense ri nsiami l ar to the one prescribed by th
( NEPA) , under which federal agencies prepare env
significantly affect thé quality of the human en

Met hod®véosgsight

Byonddather mi appt otphmefseol fubtvel sveEnosight for ge
technologies, questions concerning the potential
di fferent policies may batregogumiceecdsi abomdet hteo t &
These concerns include:

e the technology is new and unproven, with ongo
and technical evidence;

e the impacts of geoengineering activities are
intensity:;

e thaange of stakeholders potentially affected
broad, including most mnations, subnational g1
organizations, corporations, and civil societ

e the number of actors potentiant¢t$ymaeampbeying ge
small in comparison to the number of those alf

e the global 1 mpacts ofbogteho eintgsi nbeeemmaifini gt sa catnidv irtiis
be unevebhltyedis¢ross stakeholders; and

e the costs of implementing geoengineering act.i
the economics of their full global impact

As such, different technologies, different stage
di fferent environmeymsntf oactricesieareh may deguiuire
oversigh

Di fferent technologies may Hoequheecdiffierehatm&d
technologies are similar to known and existing o
be adequately governed at the domestic level by
similar to those wedstcraatbiomn cfagprt upeeweamdg smeer ati on
sequestration face similar 1ife cycle analyses a

73 Geoengineering Ill: Domestic and International Research Governeleeging Before H. Comm. on Science and
Technology111" Cong. (2010) (written testimony of Dr. Jane C. S. Long, Associate Dirddtarge, Lawrence
Livermore National Laboratorygvailable ahttp://democrats.science.house.ddetiafile/ Commdocdiearings2010/
Full/18marLong_Testimony.pdf
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74 CRS Report RL3397arbon Dioxide (CO2) Pipelines for Carbon Sequestration: Emerging Policy IsSeeslso
The Royal SocietyGeoengineering th€limate: Science, Governance, and Uncertaiiy(2009),at
http://royalsociety.orgbeoengineeringhe-climate at 51 (suggesting that different kinds of regulations will be

appropriate dr different methods of geoengineering).
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technol ogy n responsible fashion, thus
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The Debate over Oversight
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Invol ve ment

At praeadgnta, few of the possible geoengineering ac
of domestic laws or 1intermnational treaties, and
would encourage or constraincbheéesauvectovidetbaeseihn
merits of government oversight of geoengineering
framewor ke naltdoe Ibdu pbpecor t coordinated and collabor .
normative standards vfeomrt eomf onricnel mei izte, tahred /roirs kpsr el |
depl oyment. Moreover, whether frameworks are bes
international level (perhaps different for diffe
over what raggaennicziaetsi oontrs os hould be tasked with ove
The following section summarizes three different
geoengineering ac-havionedb: omethodht ofmsetthods of
met hods ofowvaterghtiohal doing so, it also summar
may affect geoengineering. research and depl oymen
State Policies Addressing Geoengineer.i
In the United States, one possibgl eacmeitvhiotdi efsori st h
states develop their own policies. A component o
as laboratories for r e gautliaotno.r yH oi wnenvoevra,t atibhne apnodt eenx
geoengianceteirvicnt gastse satnd regional boundaries may ne
a more comMmprdeplbehnsciyve I n addition, the likely dive
geoengineering policies masbemalkie yitscdiefmftiicfulect rfea
corporwhoonften find it easier to operate under
under a multitude of different ones. An examinat
geoengineering policy i1is beyond the scope of thi

National ABdtesseng Geoengineering

Efforts by the U.S. government to develop
are well (deo.cguume nntuecdl ear science, mo i lThewslea r

geoengineering technologies, whi c h, like

uncertainty and a variety of°Fsomialresthichl s sta

polici
ol o
efforts may indicdtopibhgstefgradctiivee poflacidsvd o '
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pri

5 For example, the fields of nuclear science, molecular biology, and nanotechnology represent areas in which the U.S.

government has developed policies to address new and potentially risky technologies. Fordadrdysisence and
governance behind these fields, 84S Report RL33558\uclear Energy PolicyCRS Report RL34376&5enetic
Exceptionalism: Genetic Information and Public PoliapndCRS Report RL3451Nanotechnology: A Policy Primer

76 See generallitynn Frewer & Brian SalteRublic Atitudes, Scientific Advice, and the Politics of Regulatory Polices:

The Case of BSR9S ¢ i . & HA37K2002)Ridehtifying lessons for future regulatory approaches to emerging
technologies from the United Ki eagyleds)lynn FrewenRiskn s e t o
Perception, Social Trust, and Public Participation in Strategic Decisionmaking: Implications for Emerging

ma d

Technologies28 Ambio569 (1999) (identifying and discussing components of effective policy about risk management

in the context of emerging technologies).
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e..7T406¢dguly 2008, the U.S. Environment al
relied on 1its autho ity under the Safe
t hat @WQiud jde atecigand aft ®r t he purposes of geo
s'tMoartei orne.cent ly, the EPA redne¢d on its a
f4 the Clean Air Act to i1issue a rule that
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an f e,rtwhliiczha tmaoyn 1 mpl m t a,t ctahper @eMairsiinoens o f ,
tection, Research and Sanctuaries Act of
., sEH.U. SetC.., s§2H .4W.1Se rC.. Ti§e L 0Il of t he MPRSA
ohibits unpermitted ocean dumping by any U.
amU. S. port in ocean waters wunder U.S. jur

]

7" Federal Requirements Under the Underground Injection Control (UIC) Program for Carbon Dioxijl&&o@gic
Sequestration Wells, 73 Fed. Reg. 43,492 (July 25, 2008). The proposed rule was based on thdrelesgraund
Injection Control (UIC)egulatory framework with modifications to address the unique nature of carbon dioxide
injection. Ibid.
“Environmental Protection Ag e dndergrount Mjeclion Cantrol (RI€)Pmograme me nt s Un
for Carbon Dioxide (CO2) Geologic Sequestration (GS) Wells Fefleral Register 7230, December 10, 2010.

79 E.g, American Clean Energy and Security Act of 208R. 2454 111" Cong.§112 (as passed by the House,
2009).
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the EPA if it determines that the dumping
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entities to play in the devel opment and 1impl emen
In assessing what agencies should be involved an
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80 SeeCRS Report RS20028cean Dumping Act: A Summary of the Law
81 SeeCRS Report RL3085%;lean Air Act: A Summary of the Act and Its Major Requirements

82E.g, Cal. Pub. ResourcesCode 3650 (b) (2)(J) (i) (Deering) (supporting res ¢
sequestration)Cal. Pub. Util. Cod& 8341(d)(5) (Deering) (permitting utilities to exclude carbon dioxide that they

have injected into thEarthfrom being counted as greenhouse gas emissibas);Nat. Res. Cod&91.802 (stating

that the Texas Water Code governs anthropogenic carbon diojgdgan wells)

83 SeeGeoengineering lll: Domestic and International Research Governance Hearing Before the H. Comm. on Science
andTechnology 111" Cong. (2010) (written testimony by Dr. Frank Rusco, Director of Natural Resources and the
Environment, GAO) available &ttp://democratscence.house.goMediafile/ Commdocdiearings?2010full/18mar/
Rusco_Testimony.pdf
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Table 2. Six Types of Functions Federal Entities Can Perform and Selected Federal Entities Authorized to Perform Them

Facilitating
Federal Age ncy Conducting Information Monitoring Promulgating Enforcing
or Entity Research Exchange Funding Projects or Effects Regulations Regulations
Environmental X X X X X X
Protection Agency
(EPA}
Department of X X X X
Energy (DOB)
Department of X X X X X X
Agriculture
(USDAY¥
Army Corps of X X X X
Engineers (ACE)
National Science X X X
Foundation (NSFE)
National X X X
Aeronautics and
Space
Administration
(NASAY
National Oceanic X X X X
and Atmospheric
Administration
(NOAA)g
United States X X X

Global Climate
Change Research
Program
(USGCRP)

Source: Congressional Research Service

Notes: This table is intended only as an illustratiia of agencies and entities authorized to perform these types of functions. It is not a comprehensive list of agencies and
entities that are addressing or could poteaity address geoengineering by performing these functions.
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a. The Environmental Protection Agency (EPA) has initiated rulemakings to regulate certain geoengineering activitiesn)nhedBif8 and other federal bodies have
begun funding research and shsahle demonstration projects of certain geoengineering technologies. To date, these efforts have been limited, fragrderded, an
coordinated as part of a federal geoengineering strategy.

b. The Department of Energy (DOE) has already sponsored researgsbtinlandbased and oceabased carbon storage, including srsallle demonstration projects of
geological sequestration as part of its Regional Carbon Sequestration Partnerships. The agency also funded studiesimxicrlagrcapture techniques. FERM
approaches, DOE, through its Sandia National Laboratories and its Pacific Northwest National Laboratories, has conduatedchena@ogy assessments for sulfur
aerosol injection and cloutirightening techniques. However, some suggest that geassgrijiig technologies not directly related to energy and power generation (i.e.,
SRM) could remain outside the scope of DOE research and financial support. Moreover, providing grants for researcheistdutifféon than providing oversight,
regulation,or other governance functions, and the difference could arguably risk ceofflicterest.

c. The United States Department of Agriculture (USDA) has sponsored research relevant to CDR technologies, including aniexarhiaatibased carbon storage
approaches such as biochar through its Agricultural Research Service and carbon sequestration in soil and biomass BrongmitsResearch Service. Some
suggest its continued support for research related to soil, crop, and forest sequestration meBmamd research, USDA also provides assistance and incentives to
promote deployment of selected technologies, and geoengineering could be added to those. Potential conflict could assepbetational and regulatory
functions.

d. The Department of Defese (DOD) has conducted research on weather modification techniques and other ocean and atmospheric studies. Howeverjawany bel
that support for geoengineering activities by the defense or intelligence communities coulddésiéd in the internatiohaphere, due to concerns about openness,
transparency, and unilateral deployment. The Army Corps of Engineers (ACE)aganity of the DOD with both military and civilian responsibilities, has long
standing responsibilities for projects involving nadigavaters, environmental protection, and environmental infrastructure, and, therefore, it was selected for
inclusion in the table rather than the DOD.

e. The National Science Foundation (NSF) supports investigaitbated research through many open andrtsparent programs and has already funded several projects
related to both SRM and CDR approaches, including modeling studies for stratospheric aerosol injectiechaspdaeflectors, carbon storage in geologic
formations, saline aquifers, and biomasSFNilso supports research in the social and behavioral sciences and has conducted studies on the ethical issues of
geoengineering. Some suggest its continued support for research related to the science and policy considerations surathr@idig and SRNechnologies. Again,
providing grants is a different function, potentially conflicting with oversight or other governance functions.

f.  The National Aeronautics and Space Administration (NASA) has jurisdiction ioter aliaspacerelated technologies anttheir use. NASA has previously funded
some studies investigating the practicality of using solar shields and reflectors as part of its former Institute ford\@eamepts program. NASA is a technology
development agency, not currently designed for koergn operational or oversight functions.

g. The National Oceanic and Atmospheric Administration (NOAA) appears to have the capacity to model, measure, record, ageéaendyneering technologies as
well as to prepare instrumentation, computation, and datalysis. Data NOAA collects about natural climate events also may assist in furthering an understanding of
the potential impacts of geoengineering on the ecosystem.

h. The United States Global Climate Change Research Program (USGCRP) conducts ongoief retsead to atmospheric circulation, aerosol/cloud interaction, and
oceanic chemistry. However, the USGCRP has very limited staff and serves primarily to facilitate cooperation among theciemidic research agencies. It does
not have authority fo oversight or regulation of technology deployment.
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8%See e.g. David Victor, Kal Raustiala, Eugene Skolnikoff,
Regul ation of OGoddReview of Eeorromic Roligyol’ 24, No. 2, 2008, pp. 32236; as well as
comments made in the Royal Society report, op.cit.

86 Such was the situation in negotiations leading to the 1992 Convention on Biological Diversity, which, as outlined by
Victor, op. ci t .-inspifeddamguage that wad hogtile to gemeticalty engineered crops and developing
countryinspired language that demanded complicated revehaeng for some kinds of germplasm collections. The

USA, world leader in these investments, simply refused to jointked t y . ”

87 Although, others might argue that opportunities to limit commercial or national activities may decrease as
investments are made and economic and political stakes grow larger.
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88 Restatement (Third) of Foreign Relations L&®102 (1987).
8 |bid. at §102 n.2.

Olbidat® 01 (1) (stating that a nation is generally obligated t
practicable under the circumstances, to ensure that activities within its jurisdiction or coateotonducted sas not

to cause significant injury tothe envin me nt of anot her state.”) Counttoeies are al
takenecessaryneasures to the extent practicable to prevent, reduce, and control pollution that is causing or threatening

to cause significant injury to thearineenvironmentlbid. at 8603(2).

91 Restatement (Thirgdsupranote88, at 812(3) VCLT, Art. 18. The United Statessigned the Vienna Conventiam

the Law of Treaties (VCLT), butthe VCLHasnot e cei ved the Senate’s advice and cons
United States is not a Party to the VCINevertheless, thenited Statesonsiders most of the VCLT tmnstitute

customary international law on the law of treatf®se, e.g.Fujitsu Ltd. v. Federal Exp. Corp., 247 F.3d 423 (2d Cir.

2001) ("we rely upon the Vienna Convention here as an authoritative guide to the customary international law of

treaties ... [b]ecause thnited Statesecognizes the Vienna Convention as a codifon of customary international

law ... and [it] acknowledges the Vienna Convention as, in large part, the authoritative guide to current treaty law and

practic& {internal citations omitted).

92VCLT, Art. 34; Restatement (Third) of Foreign Relationsi & 102 (1987)at 824(1).
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93 United Nations Framework Convention on Climate Chahgg; 9, 1992, 1771 U.N.T.S. 107; S. Treaty Doc No.
102-38 available athttp://unfccc.intfesourcedocstonvkptonveng.pdf

94 Kyoto Protocol to the United Nations Framework Convention on Climate ChBegembef 0, 199737 I.L.M. 22
U.N. Doc FCCC/CP/1997/7/Addavailable athttp://unfcccint/resourcedocstonvkpkpeng.pdf

9 As a nonrparty, the United States is not obligated to comply with the Kyoto Protocol, but, as a signatory, the United
States may be obligated to avoid undermining the Kyoto Protocol. For more on this distiest©RSsReport
R41175 International Agreements on Climate Change: Selected Legal Questions

96 United Nations Conventioon Biological Diversity May 22, 1992, 31 I.L.M. 81&vailable ahttp://www.cbd.int/
conventionéonvention.shtml

97 1bid. atArt. 3. For example, mder Article 8, parties must establish a system and guidelines for the selection of
protected ara@s where special measures need to be taken to conserve biological dibaisay Art. 8(a)(b). They

must also regulate, manage, or control the risks associated with the use and release of living modified organisms which
are likely to have adverse éronmental impacts and must prevent the introduction of, control, or eradicate alien

species that threaten ecosystems, habitats, or species. Ibid. at A¢h)38(g)

98 Conference of the Parties to the Convention on Biological Diversity, Octokid, @10 Decision X/33available
at http://www.cbd.int¢limateHocktop-10-dec33-en.pdf
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availableat http://www.un.orgDeptslos/convention_agreementsxktstincloslinclos_e.pdf
101UNCLOS Art. 1.1(4).

102 A thorough review ofthesé1 i vi ng resour ces pCRS RepotRIB218%).N. Eanventibne
on the Law of the Sea: Living Resources Provisions
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103 Additional details regarding the stipulatiorfstioe London Convention are provided jpage27 of this reportThe

United States became a party to the London Convention in 1974, but it has not become a party to the London Protocol.

104 For more information on the Ocean Dumping Act, G&S Report RS20028cean Dumping Act: A Summary of

the Law by Claudia Copeland.

05« COP 9 Decision IX/ 16, RBp/lovanw.cbd.intBedisiontophidel165Q Additionat ¢ c hange

details regarding the Convention on Biological Diversity is available on page 32 of this Téodnited States has

signed but has not become a party to the CBD.

106 UNCLOS is currently before theeSn a t e
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Foreign Relations Committee and await

1071 ondon Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Dladte29, 1972,

26 U.S.T. 2403, 11 I.L.M. 1294

1081996 Protocol to th€onvention on the Prevention of Marine Pollution by Dumping of Wastes and Other,Matter

November 7, 1996, 36 I.L.M. 7.
109) ondon Convention, Art. 1.

110 pid. at Art. 19.1 See alsd.ondon Protocol, Art. 1.4 (adopting a very similar definition of dumping).
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purpose other than mere disposal. It urges Contracting P
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1977, 31 U.S.T. 333, 16_.M 88, available ahttp://www.undocuments.nethmod.htm

1141pid. at Art. 11.
1151bid. at Art. IIl.

116 Convention on Londrange Transboundary Air PollutipNovember 13, 1979, 34 U.S.T. 3043, 18NIL 1442,
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117 bid. atArt. 1.ab.
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responsibility for geoesmngineering activities or
There are many factors to consider before decidi
address geoengineering or to grant jurisdiction
body or group thereof. Among these factors are:

e The Hwscthe internationddbPedy should perfor

¢ The Il evel of membership and inclusiveness

118Vienna Convention for the Protection of the Ozone Laytarch 22, 1985, T.I.A.S. No. 11,097, 13 I.L.M. 1529,
available ahttp://www.unep.cldzonepdfsiiennaconvention2002.pdf

1191pid. atArt. 2.1.
120 |pbid. at Art. 2.2.

121 However, in tle absence of any official international entity charged with addressing geoengineering activities, three
organizations foundeithe Solar Radiation Management Governance Initiative (SRM®BHut SRMGI

http://www.srmgi.eg (last visited January 7, 2011). The three founding partners of SRMGI are R)yheSociety,

which is funded in part by the United Kingdp(®) the Academy of Sciences for the Developing World, an

autonomous international organization fungedharily by Italy and adrmistered by the United Nations; and {Bg
Environmental Defense FunpdU.S. nonprofit focused on environmental protection and advoté&c$RMGI plans to
release a set of recommendations for the governance of geoengingeaitigulaly, SRM—research in the spring of
2011.1d. SRMGI states that will involve a wide variety of stakeholders in the development of its recommendations,
including representatives of governments of the developed and developing colthtries.
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1225 ¢ ¢ Vi r ttew and aral testiniony to theKl House of Commons, op. cithe testimony also includes the
critique that follows.
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122As proposed
Ne e d e d Naturegwol’463, No. 28, January 2010, pgs. 426

124 5ee Victor, op. cit.

125U.N. Charter, Art. 94(2).

by

some of which are affiliated with their national
associated with the private sector. The ISO deve
to a clearlyyeatpbhtisbaldanesdcbor or group of st
have some form of public review procedures so th
draft ¥F¥vpandhand. standard to then be actepted as a
approved byhatdkeaoadt thwol SO national members To
a comprehensive set of standards addressing geoe
standards in other potentlatlby wetaetedualety, iax
quantification and reporting of greenhouse gas e
Finally, international research consortia repres
boyd Research conwokf§uiap pea ks dgieenretkiaflideytr e s ear ch pr
initial stages of an emerging technology; (2) ex
and opportunities presented by an emerging techn
new resear,chnadgednredael op effective and objective :
initial stages of regulation; (4) collaborate wi
nongovernmental communities to prevodyg indapentoeo
an emerging technology; and (5) formulate, devel
code of practice to govern research in an emergi
transparency for the putbolrisc., Apcrciovwradtien,g layn d 1cocommel r
international consortia could support cooperatiyv
and 1nfor mal consultations on risk assessment, a
could engagp oaf berxopaedr tgsr oaund st akehol-thakers from s
to civil society and explore the safest and most
a community of responsible researcheukd filh¢wrwrnat
be built from the bottom up, as knowledge and ex
continued to develop. Interactive links between
technical research coufQbskapvdkeirmt ctoad es iofii It hri si mtpe
collaborations where the science has had potent:i
Organization for Nuclear ResearPiCu¢€CERN) yand the
however, no c¢ ol liasb oarpaptliivcea bnleec htaon igsemp e ngi neer i ng.
Notably, any international body granted jurisdic
authority to fully regumpdtiancre onfihr'ddhei tt £ rmsmbd
charter or thenamhdepgltlygemgnintEvaatioternational
settlement mechajmilstmsmwantntllpyd i icceonvepeepteentst o n f o r m

their measures and actions with the terms of eit
deci saicchredrepur suant to the dispute settlement pr
of Justice (ICJ) handles disputes between Member
have either become parties topttehde Shtgauthu@kdiodt it he
However, if a party to an I CJ dsi sjpuudtgemefnati,]l st hteo oa
party may present the matt emafitfo itthed ddemNs Becass a
make recommendatni onesasar ede dioddbeupaken®™ o give e
Similarly, the World Trade Organization has a di
allegation’s acbonmap IMecammbceer wi t h t he provisions of t

David Keith, Edward Parson, and M. Granger
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Tari f fasdea n(dGAIrT) or one of the WTO agreements. H
WTO Dispute Settlement Body, which is composed o
aut horize the complaining Member t o erfeetnadliinagt e ( g
Member -fomphobance with a WTO paf€dbnoeqiappel yate
while the decisions rendered by the ICJ and the
persuade countries to comply,rdhy eomaitntomradatinct
negotiations and diplomacy to ensure wuniversal ¢

Concl usion

Geoengineering 1is an emerging field that, 1ike o
deliberationamy polisiphayket he devel opment or ame
agreement s, federal l aws, or federal regul ations
at the conceptual and research stages, and their
yet to Weer yp rfoevike msvteu diee snd opcuubmieinsthiendgz t he cost, envi
ef fectpol istoicciaol i mpacts, and legal 1implications
geoengineering technologies are deployed, they a
significant transboundary effects.

Some foreign governments and private entities ha
geoengineering projects, largely out of concern
reductions under the intethet ponasnicbet boifmactlei tmeahtaen g
“t 1 ppi n’ga npdoaifmhpteasp,ce Initotri ceaclon o mi pueobut agl aggtressive
domestic gmadnlgatsongHosweatee gi ¢ a,t hheeUnst étdmbBted
federal involvement 1in,Comrs eque mnstilgyh,t toof ,t hgee oeexntgei
federal agencies and U. S. states have begun addr
in a largely piecemeal fashion.

I f the U. S government opts to addsewesr gleoengine
approaches that are immediately apparent. First,
devel opment in the hands of federal agencies and
permanent moratorium on geoemgimeerimg,tochoal pg
concern that its risks outweigh i1its benefits. Th
geoengineering by authoring or amending 1aws. F o
community to crppftoamhiméecegma¢ngnndéening by writ
international agreements. That the government <ca
new technologies has been mani fested in such are
genetic engineering

126 For more on the WTO dispute settlement system, @8 Report RS20088ispute Settleent in the World Trade
Organization (WTO): An OvervieWotably, the WTO Dispute Settlement Body applies a reverse consensus voting
rule for the authorization of retaliation: the DSB will adopt a panel or Appellate Body decision authorizing retaliation
unless, by consensus, it decicextto adopt it.
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